We developed a model based on ultrasound (US) features of thyroid nodules and cervical lymph nodes to distinguish papillary thyroid carcinomas (PTC) from benign thyroid nodules.
Background
Due to the significant improvement of high-frequency ultrasound and its wide application, the thyroid nodule diagnosis rate has increased from 19% to 68% in adults; among these, approximately 5-15% are malignant [1, 2] , accounting for more than 80% of all thyroid cancers. Papillary thyroid carcinoma (PTC) is the most common type of thyroid malignancy. Fortunately, PTC shows an indolent clinical course and extremely low mortality [3] [4] [5] [6] . Thus, the major clinical challenge lies in distinguishing between PTC and benign nodules. Overdiagnosis may increase the number of unnecessary surgeries and costs for individuals, communities, and societies.
Various risk stratification systems for thyroid nodules based on US features developed by many different authors and societies can be used to improve the diagnostic accuracy of thyroid nodules. Features such as hypoechogenicity, irregular margins, taller-than-wide shape, central vascularity, and microcalcifications were widely regarded as suspicious ultrasound characteristics of malignant thyroid nodules [7] [8] [9] . However, fine-needle aspiration (FNA) cytology results rather than histopathologic results were applied in those risk stratification systems, and few of these studies involved Chinese populations.
It was documented that the rates of recurrence and distant metastasis in certain cases of PTC were 5-20% and were especially high in real-world studies of Chinese populations [10, 11] . Cervical lymph node metastasis occurs in approximately 30-90% of PTCs [12] . Ultrasonography is one of the most sensitive screening methods for metastatic lymph nodes [13] and is widely used in clinical practice. Major ultrasound characteristics suggesting metastasis include the absence of an echogenic hilum, cystic change, presence of calcification, hyperechogenicity, round shape, and increased vascularization [14, 15] .
To the best of our knowledge, few published series has applied US features of thyroid nodules and cervical lymph nodes metastasis to distinguish between PTC and thyroid nodules. In this study, we aimed to develop an accurate and practical logistic regression model to distinguish papillary thyroid carcinomas from thyroid nodules in the early period of development in a Chinese population.
Material and Methods

Patients
The exception to the requirement of informed consent was approved by the appropriate institutional review board. We retrospectively collected clinical data from 1119 patients who underwent thyroidectomy in the First Affiliated Hospital of Nanjing Medical University (Nanjing, China) from January 2017 to January 2018. Postoperative histopathologic results, as the criterion standard, were verified by experts experienced in thyroid pathology. Among the 1119 nodules examined, 9 were excluded because they were determined to be medullary thyroid carcinoma (MTC, n=4) or follicular thyroid carcinoma (FTC, n=5) at postoperative pathological examination ( Figure 1 ). This study included 1110 thyroid nodules within a population of 1110 patients. This study was approved by the Research Ethics Committee of the First Affiliated Hospital of Nanjing Medical University (2018-SR-313).
Thyroid ultrasonography (US)
The 1110 preoperative thyroid ultrasonographic images were each re-analyzed by an experienced professional. The assessed features included the internal composition (solid or not), echogenicity (hypoechoic or not), margin (well-defined, spiculate, or ill-defined), border (indefinite or definite), capsular invasion, calcification status (micro, macro, mixed, or none), shape (irregular or regular), taller-than-wide shape,vascularity (central or not), and cervical lymph nodes metastasis features (absence of an echogenic hilum, cystic change, presence of calcification, hyperechogenicity, round shape, and increased vascularization) [7, 8, 14, 15] .
Statistical analysis
Statistical analyses were performed using SPSS version 20.0 (SPSS, Inc., Chicago, IL). Descriptive statistics are presented as the means±standard deviations for continuous variables and as the number of patients for categorical variables. Categorical data were analyzed using Pearson's chi-square test or Fisher's exact test, in which a p-value of <0.05 was considered statistically significant. Then, we used backward stepwise logistic regression to establish a model to differentiate PTC from benign thyroid nodules, applying a 10% significance level for removal. The sensitivity, specificity, accuracy, positive predictive value, and negative predictive value were calculated to 
Results
Clinical characteristics
We analyzed 1110 thyroid nodules from 1110 patients (845 women and 265 men, mean age, 44.6±12.7 years; range, 14-80 years). Among them, 849 patients (76.5%) had PTC and 261 (23.5%) had benign lesions. Surgery pathological findings confirmed that 223 patients (26.3%) were diagnosed with PTC with cervical lymph node metastasis. US examination reported 216 patients with suspicious lymph nodes with at least 1 metastatic feature. There were 557 patients 45 years old or older, including 376 with PTC and 181 with benign nodules. Of the 553 patients who were younger than 45 years old, 473 had PTC and 80 had benign nodules. All the nodules were confirmed by surgeries. Among benign nodules, the diagnosis included nodular goiter (n=192), thyroid adenoma (n=44), and Hashimoto's nodule (n=25).
Age 45 years and age 55 years as the cutoff had statistical significance in distinguishing PTCs from benign nodules (p<0.000), but sex was not found to differ significantly between patients with PTCs and those with benign nodules (p=0.828) ( Table 1 ).
Sonographic features
US features included the echogenicity (hypoechoic or not), margin (well-defined, spiculate, or ill-defined), border (indefinite or definite), shape (irregular or regular), taller-than-wide shape, capsular invasion, internal composition (solid or not), calcification status (micro, macro, mixed, or none), vascularity (central or not), and cervical lymph nodes metastasis features (absence of an echogenic hilum, cystic change, presence of calcification, hyperechogenicity, round shape, and increased vascularization) ( Figure 2 ).
Among the sonographic features, we found statistically significant differences between PTCs and benign nodules in terms of echogenicity (p<0.000), margin (p<0.000), border (p<0.000), shape (p<0.000), taller-than-wide shape (p<0.000), capsular invasion (p<0.000), internal composition (p<0.000), calcification status (p<0.000), vascularity (p<0.000), absence of an echogenic hilum (p<0.000), presence of calcification (p<0.000), hyperechogenicity (p<0.000), and increased vascularization (p=0.000) in cervical lymph nodes ( Figure 3 and the area under the curve (AUC) for this logistic regression model was 0.916. The best cutoff value for prediction was 0.75, achieving sensitivity and specificity of 86.9% and 81.2%, respectively.
Discussion
The wide application of high-resolution ultrasound in clinical practice shows a significant increase in diagnose rate of thyroid nodules, which account for 5-15% of thyroid cancers, while papillary thyroid carcinoma (PTC) accounts about 85% of thyroid cancers.
Discriminating between PTCs and benign thyroid nodules is regarded as one of the most important challenges. In this study, we established an accurate and cost-effective model of distinguishing between PTC and benign thyroid nodules based on US features of thyroid nodules and cervical lymph nodes. In this study, we used ages 45 and 55 years old as a cutoff point in predicting PTC, and in the end verified that age under 45 (OR=2.22, p=0.000) was an independent predictor of PTC. Patient age is closely related to prognosis in well-differentiated thyroid cancer (WDTC) and plays an important role in treatment [16] .
For the past 2 decades, a patient age of 45 years was used as a cutoff point for demarcating age-associated survival in most of the major thyroid cancer staging systems [17, 18] .
In the eighth edition AJCC staging system for DTC, the age cutoff point was increased from 45 to 55 years to avoid low-risk patients being overstaged and overtreated [19] . The justification was based on studies of patients with both papillary (PTC) and follicular (FTC) thyroid carcinomas. In addition, few studies have examined the impacts of the ages in differentiating PTC from benign nodules. Based on our data, it is reasonable to regard age under 45 as an appropriate cutoff in this model.
Suspicious US features of malignant thyroid nodules are irregular margins, ill-defined, border, hypoechogenicity, microcalcification, taller-than-wide shape, and increased vascularity. Malignant-appearing PTCs were defined as those showing at least 1 suspicious US feature [8, [20] [21] [22] . Suspicious US features differed slightly from those reported in previous studies. Consistent with previous findings, our study proved that the following characteristics could be risk factors for PTC: hypoechogenicity, irregular shape, ill-defined margin, spiculate margin, indefinite border, capsular invasion, taller-than-wide shape, solid structures, microcalcifications, coexistence of microcalcification and macrocalcifications, and central vascularity.
However, most of these studies only considered the importance of US features of thyroid nodules and ignored the metastatic cervical lymph nodes in patients with papillary thyroid carcinoma. To avoid this, we analyzed the ultrasonographic characteristics of cervical lymph node metastasis. The absence of an echogenic hilum, cystic change, presence of calcification, hyperechogenicity, round shape, and increased vascularization were common findings typical of papillary carcinoma metastases [14, 15, 23] .
In the present study, only the absence of an echogenic hilum (OR=3.74) and increased vascularization (OR=3.55) in lymph nodes had statistical significance in differentiating between PTC and benign nodules. The reasons for this finding could the following: 1) the distinction of calcifications and cystic change is difficult in certain sub-centimeter lymph nodes; 2) hyperechogenicity presents in both the adjacent muscles of benign nodules and in metastatic cervical lymph nodes; and 3) the sample size of PTC with metastatic cervical lymph nodes is too small. Thus, it remains controversial to apply these characteristics to distinguish benign from malignant lymph nodes, and further quantitative analysis is required.
Recently, some studies have reported several models for differentiating benign from malignant thyroid nodules in the Chinese population. Zhao [26] .
In contrast to the smaller previous reports, our study enrolled 1110 patients and used the evidence from postoperative pathological results as the criterion standard instead of FNA cytology results. Additionally, our model is based on a single US examination aimed to improve the feasibility and practicality, achieving outstanding validity.
The accuracy, positive predictive value, and negative predictive value of the model were 89.01%, 90.17%, and 83.90%, respectively. The area under the curve (AUC) for this model was 0.916.
Our study has several limitations. First, this was a retrospective study and lacked randomization. A variety of nodules that were suspected to be benign may have been missed. Thus, sample selection bias may affect the validity of this model. Second, the data of this risk score diagnosis model came from 
